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(54) TRACKING ERROR DETECTING DEVICE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a small-sized 
tracking error detecting device capable of coping with 
the double speed of an optical recording and reproducing 
device and the high density of an optical recording 
medium at a low cost. 

SOLUTION: Two signal series are generated by 
converting photoelectric currents obtained by 
photodetectors into voltage signals with current-voltage 
converters 7a to 7d and by adding the voltage signals 
with adders 8a, 8b. These two signal sieries are 
digitized respectively in ADCs 16a, 16b to be subjected 
to interpolation processings in interpolation filters 
17a, 17b and zero crossing points are detected by zero 
crossing point detecting circuits 18a, 18b. Then, a 
tracking error signal is obtained by detecting the phase 
difference between the zero crossing points of the two 
signal series in a phase detecting circuit 19 and by 
applying a band limitation to the phase difference by an 
LPF 11. 
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.lie 2 oroft ^-mmzmmt i^xrn i At/* 2 (Df-^^ 
*tiBwaasri6-r*iBi 7 * a-* t , 

|g 2 cfi^ ^yHS-^^?"I<^±i2-€ n 7 n * ,6 <fc rofifBM 
[1**512] *E<WSEfr±»i*tRH*tU-C#e>ix** 

3fSSJ£3E8l*i:, 

-kfElg 1 St*® 2 */W5 #3fy?U<EH£n ^ n 

±3Ef§ l <n?V*^fc 1 %'&n<r>±&rt v*n*&b ±IE 
fg 2 <D s? * Mn^rlhn <K>±& J £v?u*&b <n®M £ 

[1***3] f*#JSl *fcii2(clE«gw h7 s/^v-^ 
*U 



timW-LX. 2oeo{f#^?iJ&#5;&D#*£<ix.5> r. 

[f***4] «**1 3 0^-ftl^{ClE«fe<0 h7 

So 

[if** 5] »#Jfi4tc.8E««H9s'*v^8S«L«U 

•tfttaiai&s:**.; 

W^^(-ioTTO$tt-5 J: 7»-> ifH^ttS^ti/c^T' 
[1***6] »**4XH:5JCSS<fcroh?ydf-y^ , IS 
&&bft®&ft<o£lt&ffim^Zfzftn& ! !kbl>t&fr% s 

[»«©»»*»«] 

[00 0 1] 

ta-r-5 h 7 ^smm&mmmcm-rz. 

[0 0 0 2] 

[^*cD8:fl?] CD (Compact Disc) ^DVD (Digita 
1 Video Disc) icft*£*i«J: y%W&Wy hxffim 
&&MZtlX\^Z>%7 : -4 Yy y*>'y'ffl'fflt8^ 

[0 0 0 3] fitSftifeli. 1 0 - 1 6 2 3 8 Hl- 

temz&Mztix^zxviz* %f4 ^y<o^m.^MM 

h7 ? l'T-^^±0'tt^f , -y hCO^ffe (lEltf^^->-) ^ 

^b-t-S, iv^li £rfijffi LT h 7 y a r>y'^^i§^r 

^-ttjt^^y hfflffiffifs' btp'bfrbn-rtiiDlffobm 
idtCX^£^>X^^Z<DX, -y* YfjT-y y-<nmt)$: 
ffifeco u^-fvx 2 mit L tzM. {w-t 2 gC-fk U fS#<0<t 

Sr^-T h7 y*^{fWmt%*ft%Z. 
[0 0 0 4] F5 7#>-^l|c0^ttJ^7?ife(-oV> 

t, H4*>&B9 1 4 Sr#RRL*!4*?>BlW-r5. 12141*, 
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[0 0 0 5] ^Wflci^— 1f*^O*«ll30»bai*Lfc* 

=*y y-^u^x3K-c¥ff*Kne«i*ftfc«, 

lE»fflEfr (09;Ltf, *:r>r*^) 5±©fflf*E»ffi5 l 

[0 0 0 6] fttc, **#* h^tf^ h±£i!ii!-r5^ 

[0007] (35. H6, 2fetJ«Bl7l^ **7tf * h*str- 

V^>»b«:fl«bfcH-e*)* 0 <&E1<D (a) * 
*#s> h 1 2 iflMRtTy h 1 3 <bcO&Sii^ (fflf«tTy 

M3©ifiWj:fi»-e*t) **i-|g-es>o-T\ **# 

V><t^<!:-r^o #E1<0 (b) tt\ 7thf>{f^^2 
ifcjatf*^**©*^*'** — > (7 7 -7>f- 
<0«6»S:*U #H (b) (OtUc3o 
— *7#yH2tf (a) te«|*L*:3o 
©ttltcJbS t S^^^-VttftfftSt. &Elo 
(c) tt7^hf^r^^2^5)#fetb5 2o(Ofif4 
**3, 7* hf^f.^iJ' 2H\ ^«2o{£3£A,£: 
5***2 a-2 d*r*U #ElcD (c) r#btl^2 
o<D{f-S§-te, 4 0(0§***2 a -2 d^fe#e>tt5{f 
»A*r«©a****^*n-e*tJgi|[LfcJB* 
(ot92a + 2dt2b + 2c) , # kftSff -^"Cife 

[0 0 0 8] 0»;itf. El 5 (a) l^tJ:^^ **tf 

fflt-5i#ra\ El 5 (b) lc«-*-J:5te % — >|*R* 
H-*fS](c[Hltei-^J; SKfcffcU B5 (c) <D±5i:Htt 
ffio-f tilt 2 ooff #a«#bns. 

[0 0 0 9 ] EI 6 (a) fc^-f £ 5f-> H2 

El 6 (b) cO<fc 3 * — 
f-^ffcU 06 (c) CO J: 5 JC4flrffi^ofc2 0©fS# 



[0 0 1 0] El 7 (a) fC^-TJ: 5fc. **#:y h 1 2 
3»flMBtr^ h l 3 0iifT*rfil*fl8S:ifiiat-«<k 
El 7 (b) 5 — >KSI*»HeI9Ic: 

. SWbU El 7 ( c ) OJ: 5t-fi:ffi^-f4xfc2o<^ft-g-^ 

[0011] «-kKWLfc<fc 7t-7^—/u b*'< 

*L5 2o<oJp«fS-§-offl:*B4:H:tSEU te*S<£>it^S$>5 

h 9 7 ^ 1'3 itottlf ft«:B«t5*fttft5o 
[0 0 12] H8&tfH-9-S:fflV^-C..«*Oh9y*> 
^»**ffl*«fc:o^TRW*-S. El 8 It, ffiffiSSSr* 

H*tUaS«^— 09*^-T * ^ H"C*> 9 > El 9 12, El 
8*<D (T) - (*) -e*S4xfc«#^»0S:*i-»?» 

EJ-Cfo^o EI9J3:, B#ra^Si§^#v>*^7jf ^ h 

1 2*fflfi.F7 7^ 1 3±*titT*lfil£^e>*^*»f.L 

^ in*>Ei 5 e>H 7 ojR-tBicaEfl: ^ 

[0 0 13] :7* l^f^#2tt, 8Efi2ofoiBf 
S*lfcg***2a. 2 b, 2 c, 2dMls £-5?f* 

*««««, tti^etim^m&^m^ 7a. 7b; 7 

[0 0 14] inJHI^, ff^fT^^ 2 CD 2 

»^»A*ift<D**^b#b^/t«»*#»»ir2ra*-r 

9 , Jp^SS 8 a 2SS8fSKJEE^#!lEl& 7 a t 7 c 
(Om*«rJp» L> ^P^5§ 8 b *s«%tt£EXiftlBllg 7 b <h 

iDfitft^- (7) , (>f) 4r-tix-Pii2WbliIIS9 a, 9 
b{CiiU 2«K«t (^) , (^) *#*o 
[0 0 1.5] 4t4Bi6«WiaiSl OH:, 2«<fcflHS- 

9^ffiffllSSrDl!7y 7/7n^ (D-FF) 101 
a, 10 1b4:fflV>r^fflt5o D-FFlOla, 1 

Thj U^</K7)NF> ^ny^JS*T^) THJ 

^ 0 D-FF101a, lOlbS, ttl^tl 

2«K«» (^) , (^) (Dffiffi36«:*tUU 

<*-) > (A) «:#So l*IB8^/^ W tt, D 
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-FFlOla ©tH^jJH^-Q^&W^diX, B^fflH^/U 
* (#) D-FF10 1 b(OfflMfQ^5)IJi*S 

[0 0 16] n*|HSS>*/u;* (*) . (#) tt, 
— /^;7^/i^ i i tcm£tiXTi-v?<D h 7 

mmm^r (?) t&s. 

[0 0 17] 0 1 0 1*. h?3r*y^l»«ft*tl»(0 

?mmt^ (?) omzzTF-To B8t*th?y*> 

[0 0 18] Ell 0<Di5^th7^^S^»^ 

X h7v* >-yV—tffflffl$:ff?tz.it>\a*, b5v*> 
*T»3£«#<0 jE A ic* C T> . HRK h 7 y * > #T ? 7 

[0 0 19] «*^ffi**«6H:, 
SOS***)*** ha»b h7$/^ymifft^fflt 

[0020] Hi lRVmi 2i3\ fltfB*ffi:K:j:o-c h 
7 7^>^iffKfSrtHit^Kot7t^ h «£]»[« 
4r^LfeE|-e. El 1 naif* hi 3<om&&X/ 4 (Dm 
& (X : %M<n$L&) > 01 2{ifc°^ h 1 3 0581$ a* A 
/4£**<&»***-ro #H^*3V^"C, (a) 
>X4*»il4v^07* hr'-r 7"^ ^ 2±k£»lrt 
5KWft*^3a«^*^ - ^-v (7 7-7^-/UK/^ 

-v) > (b) iWfti/yX4^it5i^7th 
7 s y ^ * 2 _b<c ft it £ R»**^iMMM&'< * - > 
{7r-7^-;^v^-y) , ( c ) I4#fcn5b7 

v^ymmt^z^-f* ft*, (a) (b) ttft 

^tK^/ H 2 255 h7^^^M^I!)loMk 0 5/ h 

[0 0 2 1] 01 1 (a) {CTjkirX 0 Id, fcV M 3 60 

X>f7^* 2<Dttftjjfa<D%:ytm*2 a £ 2 db&^t> 
(2a + 2d) fc3— #<0*WI*l«] 

COS*^^ 2bi2c^ 2 ( 2 b + 

2c) ticafts^*- >>temctteZo &tz. 011 



(b) M^t-j; o m> *tm\>'^x4timw\isX7* v 1 ? 

h7^^f^±(cfoixll JglcsflU* (2a + 2d) 

mznm®. (2b + 2c) fc^fe-tn*na*s*t6« 
*^ffi4a«tt*i:/j;6 0 «£o-c, Hi \<o (c) fd^-f 

[0022] ztilcttL, 012 {CTfk-rxo^, \fy b 

<0&£&X/4Skft<om&, fSl <om®L (2 a + 2 d) 
iS20S«(2b + 2c) i^&IU*SiX-5«#C!3ffi 

«SS*s*C*»^fc5. 012 (a) 

bf^r^ * 2 0S#3teJdM£»Lftv^»-g\ If? icq 

ffitt (2 a + 2 d) tm'2<Dfai$ (2b + 2c) (DfRfc 
jmm*±te< , by y*>^»S6fll*H:»i:*6^ 0 
12 (b) J: 5 «£*M* i/>X4^fll)t5^, ^ 

1<£>1§^ (2 a + 2 d) ^^2^)^ (2 b+ 2 c) fc 

y&mm^*7±y b&ft*kir S 0 «o-c\ Hi 20 

(c) (O^RIA, B-C*Ufc»^jK3!^* — ^*«JI*' 
Sh7 7^^^Si«fr#e)ixSo *7-fe^b*«3l* 

[00 2 3] H±(OJ:5 4Bi«:i!»ta^ 01 
Hl3ttt, H8i:H«eo«fi8(cov^riPIi:#flH«F#«r 

[0024] ±&b7?*>ymmkmmm*. 7*v 
*f J*?-?* 2frbmjj$tiz>is^<DGLft&mmiBi& 1 4 

a, 14bSrfflV>TSIfi-rS^^«-<t9, tt«lh77 
Yvy 9 <D*P*l^tt tt h7 7 ZZt 
[00 2 5] 

f&micxv b? v*>ymmt^%mmi,x\,^z>tz^ 
[0026] ::-e, «a{taw;«««{ttc € to-c*i: 

*^r^r>-fe^i-Sfc*coa3BiaK 1 4 a, 14b"Ct- 
45^7^hf^f^^ 2d»b#6>it*BB*taLft-8-<o 
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5; b&X-£t£\,\ 
[0 0 2 7] ^fr*M®:-TZ>^Wct U-C, E114{C^-r 

1 4 m 121 8 tmmcom^^^x^mc^m^f^ 
##Ltfc-t), r r-ettS¥*B^tftBJi4^iB&l-5o @i4 

b (cj; 0tSofc7* hfd'f^ * 2 <£> 2 ocoftff ■§■ 
(2a + 2di2b + 2c) CtLT, &M%H[:7 4 As 
?15a, 1 5 -biCj:9rt«»»l«:fTofcffc, 2l^B 

[00 2 8] U*»L<eiSP>, lSi»f{fc7^^15a, 

1 5 biir-^n^coF i R^-f^^-e«j5g$n-rv>5« 

T% F I R7^yW^coil|CSl5^^«^'f'5fc«)(C^-— /u- 
fclKg#3££-t-*. Sfc, E®&&;6S#*#*ltfi&i?#iS 

[0 0 2 9] T1-vym%->&mz.£.<9 h9 

[0 0 3 0] ±EWPM£»#:-f 5fc«>i£# 

[00 3 1] 

itiibtiiJo'i' %>y & h 'f t~ ? & h ^ y^-yf^T-^^n 

*m»*«£E«»Jc**-f5«««ffi*«»i:» «EEtt 
2o©f&*3RWfc*fM:LT*i&0 , jS2©? f s>* 

2 co^ s?* Mt ^y^ti^tuc^^xmmi&mi: 

ft 1 RVWi 2 ro^i^ * MttHk&Ko-M n * n * Jtix 



[0 0 3 2] St »*5B2^«5 h?s"¥>^IRS61ft 
#tfg#£fc-r3 JB 1 JWSS 2 <OT ! -??M9Q-mM : &±)& 

-rz>m&£.tita&b* % iRvm 2 cdt^/mi ■■§■**! 

,-Wf -Sg-^llco-fe n ^ n ^ ,6 t ©tefg SrfcbiR L "Cfi£ 
Ht«#JI8*ff 5 u-^7^^i, MtS^i^ 
[0 0 3 3] S«*^3(C#5 h7^V» 

[0 0 3 4] *fc, »*f4KI5h7 5'*V^ii 

m^Sf4> is*^ia>e>3rov-fn*»{cEtfc<ci>9s>^r 

[0 0 3 5] »**5IC#* h9s'*>^IRaE* 

ffi^g«, W*«4 (CE«£0 h 7 y + V^IMtiigf 

•fey h^ttilElK^iix., ^*IS:3tlHjK^> igisO&teitOT 
[0 0 3 6] Sfc, if*«6 h9v**4rmSBJ& 
«ci ^**ii*ixfc««-C*>* r i f -5 1> cot? 

[0 0 3 7] 

lizxzbyv^^ymm&mmwic^^x, hi, ia 
2&fli^-c!^-t-3„ mm<DMmi jets 
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[0 0 3 8] Bm, *j*o»IBi«c:J:-5 h7y*^ 

*^«lj|-f5* ia>&»4<&«»«BE***7 a-7 
d, mi^b^4«0«SE«J3E3ElftSS7 a- 7 d^f^tl 

» t4^^SlMl2«S8 a> 8 b, 2 o 

*aAU*|g2<Z)T^n^-^$^A/gMfc» (ADC) 1 
6 a. 16 b, miAX*flS2<Dy*i?#/\s{gJlr&&}*:ti^ 

tuc^^xffimt&m&m-m 1 rum 2 <n&m ? 4*>9 

17 a, 17bv-SlMl2e0iB7-f^l7a, 
1 7 b{Cj:oT*Pfl$n/cMl^^2(D7 :f ^^^f-^ 
^JiJco-^P ^ n *^fc*ft*M*tti-f- 5 SB l Xt/f 2^) 
^n^n^^tftlUEIKl 8 a\ 18b,Sl^)f^ 

*?Kx&t<D&ftm&femirzfcnmmm\E\?&i 9, 

7 (LPF) 11, 

So 

[0 0 3 9] 7* V^r^T** 2 13, g3tPff^£ LT^I 
X.tffflC0^M^4^fiJ$tlfcS^^T : 2 a. 2 b, 2 

c\ 2dm KK»m» (H**r) ^hy^i 

[0 0 4 0] ft l^b*4 0«««£E*»|slli5 7 a, 7 
b, 7 c, 7dtt, 7* Yfj'r** 2<nmt}^&Z>% 
S«e*S3t^2a, 2 b, 2 c, 2 dgf-m/Hf 

[00 4 1] *l<0iDJM88 a 13, IS 1 fttfjfl 3 tf>Stfft 
fflffi[s]&7a, 7 c<0W2j«rin*U 12^0^8 b 

[00 4 2] IlMi2^)ADC16a, 16bl^ 

^n-en. * ixt^*2(oiDW«8 a , 8b^e>aa*s 

[004 3] W7^;^17a, 1 7 b 13, * 1 ,&t>* 
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[0 0 4 4] -Ifn^n^^ttllHlKl 8 a, 18blt 
MM S 2 o eo t*- * (ijs tf % & % ±ifi v y 

^^JfcifcttSft*^*^ (+->-„ fc5VM3 — > 

+) mubziim&miTbtiZo 

[0 0 4 5] ffiffi36«4Ul0Ki 9 0»§(co^ 

T, El2«:fflV^TRm-5 0 H*. (a) 13, IglcD-tf 
n^n^^UKHlKl 8 a*^ba*Six5*10«*» 
JIJ<0-#J£;^U (b) (3, *2(0-ifn^tr^^ttilH] 

(c) f3, ffi«3S«WIsIKl 9^J:9**ofc|t*H^« 
#Sr*-fo m2(0*f—Z?h¥\ (a) &t>* (b).KflH^fe 

tizm^zmm-rZo o^{3jsifc6VM3ff§2coADc 

16 a, l 6 b'i:J:9**ofcf ^yv^f-^S:, 

ARjfii&i h^nm2<ommy >( 1 7 a . nb 

13, »)|oh7y^i*^fi§ic:ailfct)^^ te*g 

So 

[0046] 1 9 13, * 1 * 2 <Dm 

^ZkM&fcMZti^tilc&rt £if n ^ n * &<D$smt>* b 

W-r*o Sl^fif^J (a) JfcW»2 
com^?iJ (b) (Wx2 9x2X&$:ycm-rZ>h, 

0 tLx^^mm(D&\^ 2*D<Distttm ( a > , 

(b) ^D^n^^EHI^Jt^JLT^Sr:^^^* 
§0 *fc, ttft<0Tft#|6]tt, 2 0<0«»3RJI] (a) , 

(b) mfn^n^fcjsv^ ^b^ife^n^n 

(c) id«"«flrffi36m#*:*»*ritf-C#« 0 

[0 0 4 7] r<o«t3*cU-C*4ofc<!fir*BSS«-!9-f4, & 

KOMI 5 5g $ « ff **ttOtt»*r# 5rt*-C#5o 
[0 04 8] ffiffiMtttUBK 1 9 ^HttSixfcttfl«j 
#tt, *»«(CLPF 1 lic±5*|f*WI8«:tTV\ h7 

*4:^«o 1 7 a, 1 7 b co^lgc^r 

^>f;^17a, 1 7 b^ft^r LTKfiftttf, - 
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[0 0 4 9] a±KWlfc«t5i:, 

[0 0 5 0] £ £>M. |1MI2©ADC 16a, 1 

S2^)ADC16a, 1 6 b 

l Ml m (Of is $ /Ht-S-MStt £ 

[0051] mm<omm2. moM2}cov^ 

H-efc^o **** b i tmm<Dmj&^\,^xnmi:w^ 
[oo5 2] mm(omm2t££z h?y*>rmm&a 

-< a, 9 icx o rWIB (D&Si&fflfflirZ r £ 

[0 0 5 3] h7^>^iM!3 0|^ SftfK 
^2a, 2b. 2 c. 2d£WLfc. #mi)fctH^£## 
§7thf^ff^^2, #§3ti^2a, 2b. 2c. 
2 d fefC3t«SKS:«JBE«-5-*c^|ftf 5^ 1 <om 
««BE**IBIS 7 a . 7 b. 7 c. 7d. f l^bS4 
(DmffinEEM&®® 7 a . 7 b. 7 c. 7d»C±0»6 

SElftfSB l^?3l4(DADC 1 6 e. 16f. 16 

ffiPfl7^^17e, 17f. 17g. 17h, 

titc 4 o<©r- *~%&\ti* feffitiltRSrfi 1 5 fci^co 2 oco 

«i"5«**««-e*>«»l&t5»2<OjDJHS8 a. 8 
b, SlSt;i2(DjD^8a, 8 b fc «fc o fen 
Ac 20(0ff -^-<£>if n ^ 1 & 

tf»2<0*n*n*jfcttffliai&l 8 a. 18 b. MlR 
U ? ^2^n^n^^ffllHlKl 8 a. 18bHtliA 

(LPF) L PF 1 10tH*«**»fe h7 

ftffi0K2o^, »ffl*itfc*7-lry hJUcteif^n^ 



-f/l"*17a. 17b. 17c. 1 7 d ©flMftSTR^-f 
[0 0 5 4] h#ttti(HjEg2 OVfttetlZ*?^ 

^tfeffi-rs^-ffi^ff p,tb5o *-7-fes> h^ttJIe3SS2 0 

[0 0 5 5] ««mfi@B2 ltt, |fcajS*Lfc*7-fe.y 
hfi{Cfi£V\ ^lXr>*^2(0«K7^yU^ 1 7 e. 17 

f to#$:<b. m3Rx^m4(Dmmy^/^ 1 7 g . n 

[0 0 5 6] tffJxtf. hCO-^^^y >?y*— *H 

£*IH^-**n==3fc:TWlBU T/4lWHI»C«fH 
t*-* ^^5#S^^t.^S^ *1 AT/US 2 ©it 
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BE 5 h fc L ftfi. ft*tf 

<t DEBiB*«^*iP»c:*«^iftrf bit, */&ifc*fttf>*Jr 

[ffljE^-a^e^] ooii 

[0 0 11] «±MLtJ;5(^ 
^-VCOflt^ri:. 3t^^^ h 1 2rt*W«fcTy h 1 3 

**fe £ v > iiini £«l titfr z> z t ic x o . ft* # y 
h i 2 k ffimLz h l 3 <!:^ffiS-ftbS:Siffi-rs*-ffi-e 

■[«M«iE3] 
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[0 0 12] !!8&OMgj9£li^X\ «^F7^^ 
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tt, **t^ix2lWt«»- (*) , (^) (Offiffi^SrtttU 
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mis&x/ 4&stl<nWi&&7F-r* #hjc*3v^t, (a) 
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11 (b) (C^f^^iiC, »fti/yX4^itt7^ 
hTV ^ 2±c7)ft*7Ky h 1 2tmW]LXi^ 
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y Y ±2jfi Y 7 y 9 <P fr-htcfctttf , % 1 (2 
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flr*c3tt«ss*^c«»*^*5. 12112 (a) tcm-t 
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f2a, 2b, 2c, 2d£:frLfc, ttmiSfttBTJ&Jfc*!) 
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2 dfeJC3t***«EEflr*{i*lj|i-5JISl*»fe»4<0* 
SftmiES&lHlJg 7 a , 7b, 7c, 7d, Il^f>l4' 
WS«E«E&«lHl& 7 a , 7 b, 7 c, 7diC e fc!3#'b 
ftfcft^-*««k{t (t>7"9y/) LXfiSfMt&lC 
Wfct 1 ^fcf 4©ADC 1 6 a_, 16 b., 16 
c_, 16d, •*Yk*ftfc4-3«)flr*»?llfc*J»-t-51»->' 
z^y v^x — ^P^roMra^-^^jRfeS^ lri>ibSi!4 (D 
1(87^^171., 17 b., 17 c., 1 7 d_x 
ftfc 4 orof*— *^5iJri»e>'ffctlJfct&4:fr 5 fc«)<o 2 oro 

-r*^*>mi&O s ^2W7 f ^ < 5'yWS^?iJ, 
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